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A POSITIVE-REPLICA TLOHNIQUE FOR EFAMINING FINICHED METAL SURFACES
AVD ITS APPLICATION TO ATIRCRAFT-ENZINE CYLINUERS

By Tncmae P, Clark

INTRODUCTION

It is ofton desirably %o have 9 permancrnt and accurate racord
of the surface-Tinich variaticn of aircraft-onzine parts subject
to wear., In mawny csce:8, A photom-cropravk of the desired srfece
canuot b made withouh stetioning the specimcn. This sectlioning
is often inadvissble borguse 1he grecinen miy b: neoded for farther
lesu8. Speeciel camrag nnve been rovised [or taking photcaicro-
graohs of othor mise innacceznible sirfac.s, but the mechanical
dirficultics and the mxc mcz of such irsirum.nts havz necwasitated
the adonticn of other methods, woch as tar use o 1hin-film replicas.

The ure of plastic-file renlicas of netcl surlaces is not new.
In 1924, L. V. Foster (referznce 1) uscd collodicen films to obtein
replicas of etlched sucisces; these repiicas were satisfactory for
microscopic exaiination of tiie eteh pattern. Recentiyr, thin-fi'm
replicas of metnl surfaces have besn urzad ex'encively in the field
of electron micrescopy (referenctes 1 to 6). Extrerely thiin films
of colledicn arnd other plastic matnrinls such -8 Formvsr have been
stripped from the etched surfaces of metals and have been examined
at high mygnifications to dzternine the fine structure of the metal~-
lic surface. ZLzcquer-film negative replicas have been used by ‘the
NACA in surface-poresity detorminations of chromium-plated aircraft-
engine cylinder barreis and havr been fomd to give adequate definl~
tion (reference 7). This metlhod, develowed by fachlin and Stokel
ot the Aircraft Engi-ne Researc: laborztory. is rapid and sztisfzctory
for tho specific purpose or diffz2rentisting betwesn the pores and
the nominal eurface of porous chrome plate-. The transparent nega-
tive repiica is an javerse image of a2 surface and, if the replica
is obliquely lighted or if the original surface was irregular, the
replica may bear no resemblanze to tne origiral. For a critical
study of surface irregularities oy means cf re;llcas, the repiicas
used should therefore be opague positives of tne original surface.
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The comprehensive study of aircraft~engine wear undertaken in
recent years has focused attention on the physical alteraticn of
wearing surfaces. In most cases the surface change is of such
microscopic dimensions that specialized and expensive equipment
mast be nsed to examine the interiors of aircraft bearings and
engine cylinders. If photomicrographs are taken of the surface
for a permanent record, only an extremely small area can be included
in the field. Llany photomicrc:raphs must be made to obtein a repre-
sentative concept of the surface. The need for some eimpler method
of examinatiun that could Ye applied to any surface without neces-
sitating the vece of special equipment was realized during *he cowrse
of a proxsraa of sarface~-finisa study at the Aircraft Engine Researcn
Iatoratory in the summer of 19),3. A metnod utilizing vositive
replicas vae developed that overcomes many of the previous diffi-
culties of surface exsnination in coufined bearing and cylirnder—~
barrel arsss.

PRIEPLRATION OF MEZATIVE REFPLICA

The surface of tile specimen ig thoronghly washed with petro-
lenm ether and is ihen swehied with acetome. A special stripning
lacqu=r thzt peels easily from a metal surface is taen spread in
3 thin layer over the surface of tle specimen with a brush or a
clean ¢l:38 rod. Snall speciiene nav be dipped in the lacquer
and set on edge to drain. A stresm of air nmay be directed ovar
the lacguer-coated spceimen for 15 minuiesn tu hagten drying, if the
air veloecity is kept lom™ ensuan to nrcvert blushine snd wrinkling
or 12z filwm by th~ blash., The iln if thon stripred from the sur-
face tu rexove any sdherins forziec particles pot raoved bty ths
wasiing;.e If th-n surlace is porous or granular, it may be necessary
to strip off mors than one cleansing film bto remnve all the matarial
lodged in tne surface pores. These ¢lesnsing films are discardad.

The final nemative renlica fila is spread on tie srecimern znd
a genble Ilow of air is dirschbed Acroes the lacquer £ilm for at
least S minutas bafore it i enrafalls punled from the surface.
IT the replicas are dri<d ir still air, clzansing films should be
l2tt on ths fpecien for at lecast 1 four and the final replica
fila sho2ld bu 21lovad to r.main for 2t lezst 4 nours before being
pecled fror the sorface. No rediction in shrinkage is gained by
allowing the filsn bto remain in plac2 on the surface for a longer
tinz.
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PREPARATION OF POSITIVE REPLICA

- The preparation of the positive replica consists essentially
in plating a thin layer of silver on the replica side of the trans—
parent negative lacquer replica. The dried negative replica film
is cut into 1l-inch squares that are mounted replica side up over

a 5/8-inch-diameter hole punched in a specimen holder made of thin
brass plate. The edges of the film are cemented to the specimen
holder with some of the lacqier. The negative replica film con-
tracts to a flat surface as the cementing lacquer dries. A glass
plate is placed in contaci with the back of the specimen holder
snd both are placed in a high-vacuum metal-evaporation unit wheore
an opaque coating of silver is evaporated onto the replica side of
the film (reference 8).

The replica then may be examined microscopically by viewing
the opaque silver coating through the lacquer film. The surface
thus seen is a positive replica of the orlginal metal surface. If
pernanent microscope-slide mounts are desired, a 1/2-inch-diameter
disk may be cut from the center of the positive rewlica and mounted
silver side down on a microscope slide previously dipped in a fresh
warm 10-percent water-solution of gelatin. The slide should be
allowed to dry for at least 12 hours. If the negative replica film
is dirty, wrinkled, or otherwise unsatisfactory, it may he dissolved
from the slide with acetone and a new film of the lacquer appliled.
The silver replica remains fartened to the gelatin during this
process.

FIDELITY OF REMONUCTION

Surface tests were made to see if the replicas shrink on
drying. A serier of tests was performed using negative renlicas
that had dried for different lengths of time in contact with a
specimen. Two parallel scratches 2 inches apart were ruled on a
polished brass surface and the negative replicas were peeled from
this surface and measured at time intervals up to 1 week. The
varlation of the spread of tness two lines from the 2 inches on
the original plate was measured on the negative replicas with a
scale and a magnifier. The shrinkage was measured to an accuracy
of 0.1 percent. Several hundred measurcments were made on
75 replicas to obtain the drying-time information previously
given. In general, a l-percent shrinkage should be taken into
consideration in all replica studies.

Figure 1(a) is a photomicrograph of a metallographically
polished steel surface; figure 1(b) is a photomicrograph of its
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poeitive replica. Yigures 2(a) end 2(b) present a similer treat-
ment of 2 lapped steel surface. The squars holes that are visible
in the photomicrographs were made with a Kockwell hardness tester.
These figures show the degree of fidelity of reproduction possitle
with the positive replica. The specimen shown in figure 1(a) had

a2 roughness of 1.F microinches, rms, as determined by the Brush
surface analyzer. XYiwuras 1(b) illuetrates the resolution possible
with the positive replica at the small roughness value of 1.5 micro-
inches, rus.

The higher r2fla2ctivity of a silver surface aes compared with
a stez1 aurfrce must be corszidered in interpreting surface char-
acter. The fin~ struztaral aetail is sometimee less evident than
it is in the origin2l speciaen hecause of the increased cpecular
illuminrtion of the pits and nrooves of the replica. Although the
fine detail shown in fifure 2(a) is slso shown in figurs 2(b),
figure 2(b) shows -mch less contrast. 1In making of photomicro~raphs
of positive replicas, only two-thirds the exrosure given to the
oriminal stecl surface is recessery.

Ay-PLICATION OF TRCENIQUT T A STUDY OF
ATHRCRATT-ENSTI™S COYT (AD4It SUHFACES

A surface-fini=zh study of cylinder-barrel wallis was condurted
supnlesenlary to a series of ring-sticking tests an a single cyl-
inder irom an Allison V--1710 enpinz. Positive replicas (figs. 2
to 1) of the cylindsr walls mere made after each of 22 test runs
f2 yere examined microscoyically for surface cnanges during the
rua-in and wsaring of the cyliader barrel. Tn this applicatiom,

a negative replica was made of both the major-thrust and miror-
thruet faces of Lhe barrel. felected rortions were cut from each
of these negative-repnlica sections and msde into finished positive
replizas monnted on microscore slides.

h microscopic examiration of Llhese positive replicas indicated
~ gradual erosion and alteraztion of the cylinder surface from the
cross=hatched finish of a nevly honed cylinder barrel to the
parallel-scratch finish ol a well-worn barrel. The top portion of
the barrel showed a -naximun of vesr. This eviience of wear, snown
by the disappearance of the honinm marke on ths barrel area trav-
ersed by the rings, decrrazsed Adown tha circumferential borrel area
until, at the bottom of the area of ring travel in the barrel, the
crogs~hatched surface was still quite evident.

Figures 3 to 7 are photomicrograrhs of positive replicas of
various portions of the surface of the cylinder magnitied 112 diam-
etcrs. The coarsely honed surface finish of a new Allison cylinder
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barrel is shown in figure 3. Figure li shows the comparatively
finely honed finish given to the Allison cylinder barrel at AERL
in the course of a general engine cverhaul. The surface of the
coarsely honed new cylinder after L8 hours of test running is
shown in figure 5 and ths surface of the finely honed cylinder
barrel after 35 hours of test running is shown in figure 6.
Figure 7 shows the surface of the coarsely honed cylinder after
100 hours of test:operation. All these pnotomicrozraphs were
taken along the middle portion of the major-thrust face of the
barrel and represent the general surface appearance of the cyl-
inder barrel.

he first visible change dnring operation in the surface of
the newly honed cylinder ia a gradual arpearance, early in the
test runs,of vertical scrziches esuperim:osed on the honing marks.
As the wear proceeds, however, three groups of burnished bands
begin to appnar on ths cylirder wall at rigat angles to the direc-
tion of tue stroke. The top sroup h3s only one sharp band gerer--
ated by the top comprassion rine at the top of ring travel in the
barr~l; tnes bands farsnd by the other tro compression rings are
extiemely fainv. The second eroup concists of two clorfely spaced
faint hands that arz coused Lv the two oil-control rings when the
pictoa is at tec) ecenter. The bottom proan consisto of thres
diffvse rings lihat ara cencrited by the thresz compression rings
at the holtom of rir~ tro- ] The~z racds ar2 rohably comised by
a number of factors. suc: as tuz inertia forces of the pleton at
the ton and boltom of L-g slroks thnt glve riss to a slavprine
actiun of the rin, = arainz tne ve'l, as rel! as the "he-nce of
adequ~te lubrication during the resersal of piston dirschion.

Thr rest ol the surface of +the cvlinder barrel other than th=z
band arras conlains many fine scrsiches narallel to tne Jdirection
of the rtrcke. These scrciches are causad hy the abrasive action
of particles suspended in the oil and imbedded in the ring or
cylinder wall. Wheu the final honingz marks disappear from the
bottom ring band of the cylinder barrel, the barrel has reached
its final surface-finish appearance.

In a coarsely honed new cylinder, the honing merks at the top
of the barrel were found to disasppear after approximately 100 hours
of rumnin< time; but, in a finely honad cylinder, these marks dis-
appearsd after as little as 30 houre of running time.

An examin~tion of the complete positivzs replica of the cylinder
wall indicated that there were threce main areas of interest: the
top and bottom ring bands, and the general wall area hetwean tnese
bands. In order to show the dilference in the appearance of a
recently run-in harrel from that of a well-worn barrel, photomicro-
graphs were made of these thres arsas in three barrels, one of wnich
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had been run 33 hours, one 120 hours, snd the other 225 hours on

a test stend. These photomicrographs ars shown in figures 8 to 14.
The fact that the cylinders examined in this replica study were
used for ring-sticking tests must be kept in mind in internreting
the figures. In the cylirders that had been run for 33 and

22¢ hoursz, the top ring was stuck in the rirg groove causing a
diffzarent pattern on the cylirder wall at the too of ring travel
from that which is found at tne same poszition in the barrel that
had been run for 120 hours where all the rings were free,

Figure € shows the arza within the top ring band in the cyl-
inder irn which the top ring did not stick. The louping scratches
were presumably g-onernted br the top comprescion ring as it rutated
sliphtly at the top of the strake. Fipure 9 shows the area at the
top of ring itravel in the borrel run for %23 hours in which the top
ring w=s st'ick. Tie burnishinz effect of the rineg impact hes
renoved Llhe scratches in this barrel tut has left the deeper cross-
hatched zrosves of the horins operation., Figure 10 shows a replica
of the worn surfsce of the tarrel run for 2:5 houre taken at approx-
imately the £am~ area shown in tiguras 9. The rinr was stuck in this
cylinder. This cylinder presents an excellent example of the sur-
tacs found at tne top of riug travel in » worn cylinder barrel, A
characterietic burnished aresa with tho Iringe cf smeared metel
extending dornw2rd is clearly shown.

E replica of 2 typical surface area in the certer of the tarrel
elightly worn after 33 nourc is shomn in firure 11, This surface
has not yet reached the apvesrance ol the barrel shovm in figure 5.
Figure 12 shows the same general area in the barrel well-worn after
225 nours. An examinatiorn of the replicas of this area made from
this cylirder during its running indicated that apparently no
further surface-finish chans~ occurr2d once this stage had been
reached. (Cf. fics. 6, 7, and 12.)

Figure 13 is = rej.lica of the area containing the ring bond
at the bottom of rinr travel in the barrel] slightly worn alter
33 hours. The riar hands hve not yet begin to appear in this
area. Firmre 1\ shows the ton ring hand at the bottom of ring
travel in the wern barrel alter 225 hours. Tn this area, the
burnizhing effect is not so noticcable as it Ls at the 1lop of
rin-s *travel, bul the frings of smesr metal is quite evident. At
the toy of ricz travel the sme-~r noints downward herean, at the
boltom of rinyg *travel tle smear points apward. The edzos of the
smsors saown in figurcs 10 ~nd 1l start, in each case, 2t the for-
ward edge of the riny as it leaves either the top or the bottom
position of ring travel.
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The replicas of the major-thrust and minor-thrust faces of
a2 cylinder harrel showed no apparent difference in the rate of
wrzar of the two faces.

SUMMARY OF RESULTS

The positive replicas of metal surfaces made by a method devel-
opad at AERL were faithful reuroductions of the original surfaces,
even 3t magnifications of 100 diameters.

The positive replicas made of the suriasce of an Allisun V-1710
single cylinder befors and afier ring-sticking tests showed:

1. A variation in the cylinder samrface occurred daring the
coiirse of the rinr sticking tests. The sorface finish chanced froa
the rough cross-hatcied aplearance of tlue newly honed cylinder
barrel to a fine parallel-scratched finish. As the tost: proesndad,
a series of bands appeared in the berrel surface ot the top and
botton of the stroke. The band formed by the top compression ring
at Llhe top of the stroke consisted of a band oif' buruished netal
with 2 frin-e of smeared mztal extending downward towar:d the center
of the h~rrel wall. At the botton ol the stroke, the hands were
fainter and the birnirchins effect was less ihan at the ton of the
atroke. The fringe of smearsd metal was vresent, and extended
upwards toward the center of the rarrel wall,

2. "en the top comprassion ring had stuck in the piston land,
th= eylinder rurface at the top of the wiroke ended abruptly with
th» hurnished band and the oaerred mrtal fringe. All the wesr
ecratches were parallel to each other and to the direction of pis-
ton motion. ‘When the top compression rins did not stick, this area
ol the top of rins travel waa relatively sanoth witih numerous
loopiny seratches of different heights suseri-posed on the general
surface. These loopin: scratches were prosumably caused by the
ehraslve action of particies cam~ht between the piston ring and
the cylinder wall st tho top of the stroke. The piston ring appar—
ently rotated slishtly st the top of the strolke, scraring the
sgbrasive particles across the cylinder wall in a looping motion.
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%, There was no apparent difference in the rate of wear of
the major—thrust face anl the minor-thrust faze, The top poriion
cf the cylinder barrel, however, :Hd show a greater amount of wear
than the bottom portion.

Aireraflt Engire Research Lahoratory,
National Advisory Cormitt=e [or Aeronautics,
Cleveland, Ohiov.
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(a) photomicrograph of surfaoce.

Figure l. — A merallographically
ol ished steel surface with a
roughness of 1.5 microinchas,

rms. X100.
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;ograph of surface.

o

(o) photomic

Figure 2. — A lopped steel surfoce
with a roughness of 8.0 micro-
inches, rmS. X100,
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Figure 1.
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Phofomicrogruph of positive
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(b) photomicrograph of positive
replica of surface.

joure 2. - A tapped steel surface

Fig
with a roughness of 8.0 micro-

inches, rms. 00.
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y-1710 cylinder barrel. X112.
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V-1710 cylinder barrel ofter 48 cylinder barrel after 35 hours

hours of test running. X112, - of test running. X112.




. i e [ '
o ' X 3
g " T
{ IE e e
! 1 i (A S d
¢ 11
P X . ’ ,‘. ' v N
RS PR AR R FCE I A
by : 1 v .E‘
S v Lt H A

{ il 1 ' [ N A Cogp N AN
gu - A positive replico of

re 7.
the coarsely honed Allison
V-1710 cylinder barrel after 100
hours of test running. X112.

Fi

Figure 9.
the area at the top of ring
traovel in an Allison V-1710
cylinder barrel ofter 33 hours
of test running. The top ring
was stuck., X112.
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gure 8. — A positive replica of
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the areo at the top of ring
travel in on Allison V-1710
cylinder barrel after 120 hours
of test running. The top ring
was free.
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- A plico of
the agreg at the top of ring
trovel in an Allison V-1710

cyl inder barrel after 225 hours
of test running. The top ring
wos stuck. X112.
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Figure 12
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Allison V=1710 cylinder barrel

Allison V-1710 cylinder borrel
after 33 hours of test running.

X1lz.

after 225 hours of test running.

X112.

- A positive replica of

Figﬁre 14

- A poﬁifiué replico of

the areoc ot the bottom of ring
trguel of the top ring in on
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Allison v-1710 cylinder after

225 hours of test running.

the areg ot the bottom of ring
X112.

trovel of the top ring in on

X112,

3.
Allison V-1710 cylinder ofter 33

hours of test running.




JI
o 3In



